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Dorsal (D), ventral (V) and lateral (L)
views of an elapid vertebra showing wihiere
measurements were taken,

Length of postzygapophysis—the
longest diameter of the poslzygapo-
physial facet {even though this was
almost perpendicular o the long axis
of the centrum).

Width of posizygapophysis-the maxi-
mum diameter at right angles to the
length.

Minimum length of neural spine-this
usually occurred about halfway up the
spine, as the dorsal edge overhangs
posteriorly and/or anteriorly.

Width of zygosphenc-the maximum
width of the tenoun.

Width of condyle-the muximum dia-
meter in the transverse plane.

Length of hypapophysis—the vertical
distance from the lower cdge of the
condyle to the tip of the hypapophysis.

Results
The vartebrae conform with the general des-
criptions of Auffenberg (1963), Hoffstetter &
Gase (1969) and Johnson (1956).

Pseudechis porphyriacus (Shaw)}

The number of precloacal veriebrae (Table
1) is consistent with the number of ventral
scales (184, uccording to Worrell 1963},

Tn every precloacal vertebra, the width
across postzygapophyses cxceeds the length
between zygapophyses (Fig. 2). The hypapo-
physis arises near the lip of the cotyle, extends
as a low lamella for about two-thirds the length
of the centrum and then deepens sharply
before tapering to a sharp point which does
not much exceed the posterior surface of the
condyle in any but the most anterior vertebrae.
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‘The hypapophyses of the anterior vertebrae

are vety long: they decrease in length fairly
uniformly alonyg the column (Fig. 2). The
subcentral ridges arc low and rtounded. The
dorsal articular f(acet of the paradiapophysis
projects as a little round dome; the lower facet
is saddleshaped. The prominent parapophysial
processes. are rounded anteriorly. They do not
extend closer to the midline than the most
lateral lip of the cotyle. Interzygapophysial
ridges are faintly distinguishable. The ncural
spine is a low, laterally-compressed blade, its
dorsal edge parallel with the long axis of the
vertehra, jts antertor edge almost vertical and
its posterior edge overhanging.

The minimum length of the neural spine
is about half the length between thc zygapo-
physes [¥ 0.53 = .0036 (35); ¥ 0.55 = .0049
(36)1 (Fig. 3). The neural arch is slightly
wider than high, The neural arches of most of
the vertebrae do not extend backwards to form
epizygapophysial spines, but such spincs are
well developed on the first five veriebrae and
are distinguishable on the sixth to tenth. The
cotyles and condyles are nearly round, but are
slightly flattened dorsoventrally. The width of
the condyle is about one third of the length
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TABLE 1
Total length, snout-to-vent length and mumber of vertebrae of specimens of four species af elapids

SAM Total Snout-vent Number of vertebrae
register length lengih Pre- Post-
Species number Sex {mm) () cloacal® Cloacal cloacal Total*
Pseudechis R14060 no data 1220 no data 181 8 >42 >231
porphyriacus R14061 no data 1375 no data 182 5 52 240
R14062 no data 1120 no data 182 5 >30 >2i7
R14063 no data 1070 890 177 5 48 231
Austrelaps R14066 ¢ 515 433 143 4 42 189
superba
Norechis R14058 930 775 174 5 58 237
scutatus R14059 no data no data 800 178 3 32 235
Pseudonaja R14064 d 1555 1300 204 § 60 270
nuchalis R14065 no data 1100 910 206 5 52 273
* Atlas-axis complex not included in this count.
o"'oo.
[ ]
]O — ° [ X ]
® b [ X J
¢ o
— €
° o [o] o O o o °
© A, VP [ |
o AARg %0, e ~
° A A Cloacal region
8- * ot T T P
N A apa oo A
o ad AAAAAAA 4 AAAA 00, °
- o) Dp n gl °
o A RA ®
®a RA
A gﬁ °
61 138 .
— A Ah, %,
'y &ﬂ
[5) [ ]
E (& £ %
E g% @ A
o} 0& Ad N
[ ]
4 o éﬂd‘
4
oc® JAY
oe ﬂ‘
[ ] "
(T o® A A
Ce
% g (L T
2 o," . . o,
u] LN
o DDQO s [
o o "oag LR L R TR
L 0 f ng_ g " gh"s
' " "op%og gogonoag
ja]
i 1 ! i | 1 i L 1 | 1 Il 1 1 | | Il i 1 1 I i ] I l
50 100 150 200 250

Vertebra number

Fig, 2, Variation throughout the vertebral column in (a) length between =zygapophyses
(A 4), (b) width across postzygapophyses (O @ ) and {(¢) length of hypapophysis
(Ow) of two specimens of Pseudechis porphyriacus. Hollow symbols RI14060, solid
symbols R14061,
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Rel. width Ant, width: Post.width Rel. length spine

Distributions of values for the ratios (a) width across postzygapophyses to Jength
between zygapophyses, (b) width across accessory processes lo width ucross post-
zygapophyses, und (c¢) minimum length of neural spine to length between zygu-
pophyses. Left-to-right downward hatching, Pseudechis porphyriacus; open columns,
Austrelaps superba; right-to-left downward hatching, Notechis seutatus: solid columns,
Pseudonaja nuchalis; fing stipple, Victoria Cave, type A; coarse stipple, Victoria Cave,
type B.
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Fig. 4. Distributions of values for the ratios (a) width of zygosphene to length between
zygapophyses, (b) width of condyle to length between zygapophyses, and (¢) width of
postzygapophysis to length between zygapophyses. Hatching as in Fig. 3.
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Fig. 5. Variation throughout the vertebral column in (a) length between zygapophyses

(A a), (b) width across zygapophyses (O®),

(Ca) in two species. Hollow
Notechis scutaties (R14058).

similar abnormality has been observed in dor-
sal vertebrae of colubrid snakes (King 1959),

Austrelaps superba (Giinther)

The low number of precloacal vertcbrae in
this specimen (Table 1) is confirmed as typical
of the species by the ventral scale number (151
according to Worrell 1963). The width across
the postzygupophyes is less thun the length
between zygapophyses in the first ten and the
last 35 precloucals (Fig. 3).

The hypapophysis (Fig. 5) is similar in form
to that of P. porphyricéus and docs not exiend
further posteriorly than the posterior surfacc
of the condyle.

The subcentral ridges are low and rounded,
as in P. porphyrincus, but the interzygapo-
physial ridges of A. superba are stronger. Small
epizygapophysial spines occur on the first six
vertebrae. The condyle is smaller, relative to
the length between zypapophyses, than in P.
porphyriveus (Fig. 4). The zygosphene is thin
and slightly convex from the front. convex

and (c) length of hypapophysis

symbols, Austrelups superba (R14066), solid symbols,

from above, The ratio of zygosphene width to
length between zygapophyses (Fig. 4) has a
mean. of 0.50 = .0038 (27). The prezygapo-
physial faccts are oblong, the postzygapo-
physial facets obovate. The acute accessory
processes are relatively shorter than in P, por-
phyriacus In most vertebrae (Fig. 3).

Of the four cloacal vertchrae, one has
articulated forked ribs and threc have a
hypapophysis. The hacmapophyses of the post-
cloacal vertebrac are long anleroposteriorly,
about half the length of the centrum, and are
completely double,

Notechis scutatus (Peters)

In all prectoucal vertebrae, the width across
the postzygapophyses exceeds the length
between zygapophyses (Fig. 5). Each hypapo-
physis is extrcmecly compressed laterally 1o a
thin lamella that terminates posteriorly in a
sharp point not extending posterior to the
postcrior surface of the condyle in any but the
first 15 vertebrac, where the hypapophysis is
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Fig. 6. Line drawings, 1o exact scale, of the 80th vertebra of (a) Pseudechis porphyriacus
{R14060), (b) Naotechis scutarus (R14059), and {c) Pseudonaja nuchalis (R14064)
in dorsal, lateral, ventral, anterior and posterior views. -
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Fig. 7. Variation throughout the vertebral column in (a} length between zygapophyses (A 4 ),
(b) width across zygapophyses (O@), and (c) length of hypapophysis ((Jm) in
Pseudonaja nuchalis, Solid symbols, R14064, hollow symbols, R140635,

8 precloacal vertebrae with additional para-
cotylar foramina. The left postzygapophysis of
the 114th vertebra is fused by an outgrowth of
spongy bone to the prezygapophysis of the
sueceeding vertebra, which lacks an accessory
process on the left side. The left rib of vertebra
114 shows & healed fracture necar the artieula-
tion with the vertebra.

Pleistocene fossil vertebrae from Victoria Cave

The preeloaeal vertebrae found in the Vie-
toria Cave deposit vary in length from about
2 mm to a maximum length between zygapo-
physes of 11.1 mm. In their general conforma-
tion they closely resemble those of Pseudonaja.
However within the sample of vertebrae from
Victoria Cave, two types can be distinguished
on the characteristies of the zygosphene: Type
A: slightly convex when viewed from above,

eonvex in anterior view and slightly thiekened;
Type B: almost straight, with a median noteh,
when viewed from above, almost straight in
anterior view and extremely thickened. This
thickening is consistent with the robust
appearance of the vertebrae. The subeentral
ridges arc particularly strong (Fig. 8).

As well as the thickening of the zygosphene,
its width relative to the length between zyga-
pophyses differs significantly between the
types A and B [A, ¥ 0.52 = 0048 (40); B. ¥
0.54 = .,0057 (40); .002 < P < .01]. The dis-
tributions of the values for this ratio overlap
widely not only between types A and B from
Victoria Cave but also among the spceimens
studied (Fig. 4). The ratioc of width across
postzygapophyses 1o length between zygapo-
physes tends to be greater in the fossil verte-
brac than in A. superba; the ratio of width
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Fig. 8. Precloacal vertebrae of Psendona
Victoria Cave
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(Auflenberg 1963). the difficulty of assigning
an isolated elapid vertebra to a particular
region of the column precludes confidence in
selecting middle precaudals from u sample of
fossils. Because .of the consistent variations
along the column, together with some irrepular
variation (e.g. doubling of foramina), to iden-
tify isolated vertebrae it is necessary to con-
sider not just the middle precaudal vertebrae
of reference specimens, nor the mean of some
value {even if it be given with standard error)
but the range through which a given character
varics. Also because of variations along the
columin, no unique specific character was
found. and so it is necessary to consider several
characters in the identification of fossils. The

fossil genera may bc readily identificd. but
further <tudies of congencric species are
needed to determine whether specific identifi-
cation is possible.
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